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TheBusemannthird+rderapmo~tion fortwo-dimensionalisentropic
flowwasusedinsuitableconjunctionwiththree-dimensional.solutims
foundbythelinearizedtheorytodetermineanalytically,forsmallangles
ofattackandcontroldeflections,thecontrol+m%acecharacteristicsof
partisl-spenconstant=chordflapsonrectangularw@w havingfinite
thlclmess.

Thecontrolsurfaceswereconsideredtbextendeitheroutboardfrom
thecenterlineorinboardfromthewingtip.Althoughonlyflat+ided
controlsurfacesweretreated,thegeneralmthodcanbeextendedto
controlsurfaceshavingcurvedsides.

Equationswerefoundfortheliftcoefficient,rolling+omentcoef-
ficieti,andhingeaomentcoefficientduetocontroldeflection,andfor
t~ pitc~nt c~fficient.d= toflap1~. me effectoft~c~ss
wasshowntobegivenbya singlefactor.

ImRoDmI!IoIf

MuchworkMM beendme onthree-dimensionalcontrol-surfacecha?+
acteristicsbyusingthelinearizedequationsofsupersonicflow. b

(Seereferences1 tok.) 131reference5, two+hensiti control—
surfacecharacteristicswerefoundbytheuseofmoreexactmethods.
Althoughreferences1 tok characteristicallyshownoeffectofairfoil
thickness,reference5 showsthattheeffectofthicknessinfluenced
thecontrol+mrfacecharacteristicswhenhigher-ordertermsweretak%
intoaccmqlt. IQthepresentpa~r,theBusemannthird.-orderapproxi–
mationfortwo-dimensionalisentropicflowisusedtogetherwiththree-
dlmensionalsolutionsfoundbyuseofthelinearizedtheorytodetermine
thecharacteristicsof~ial+xEuL,comtant+hordcontrolsurfaceson
rectangularwingshavingfinitethickness.Themethodmea tocombine
thetwotypesofsoluticmsconsistsofmultiplyingthepressuresfO~a
fromthelinearizedtheorybya factorsuchthat3na regionoftwc+
Mmensioti’flowthemssure ismadeequaltothatfoundfromthe
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Busemannthird+rderappro-tion. Simpleexpressionsm foundforthe‘ .

liftcoefficient,rolling+nmentcoefficient,andhinge+omentcoefficient
duetocontroldeflectionad forthepitckhg+mmed coefficientdueto .
flap,lift. ,

Theresultsaresubjecttosllthelimitationsofthethird-order
approximation.-SomeUscussionoftheselimitationsisgiveninrefex=
ezice6. Additionalerrorsar6introducedbythecombinationoftwotheories
havingdifferentdegreesofapproximation.Boundary-layereffectshave
beenneglected.

.

SYM1301S

A

b

bf

Cf
.

. C2=

C3=

CL

cm

—.. . --

()S-“wingaspectratio ~

wingS-

flapspan

flap

flap

2

chord

meanaerodynamicchord(c)

chord

root-mean+quarechord(cf)
,

iiF=

.

‘.

(y+ l)ld- 4(M2- 1)

2(M?- 1)2

1

[ 1(y+l)@+ (2#-7y- 5)ti+10(7+l)#-1# +8
6(M2- 1)7/2

liftcoefficient
()
~ ..
C@

()
pitch~nt coefficient~

I@ .

.
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CP

H

HI

%2

H3

L

z

M

P

P

Po

~

s

v

X,y

rolling+noment ()z’coefficient—
(@b

lifting-~mxrecoefficient
()
P
<

hingemomentofoneflap’

* mcmentover

hingemoqentover

- momentover

liftoftwoflaps

rollingmomentof

inboardcornerofoneflap

two4imensioIlalpartofoneflap

outboardcornerofcm flap

twoflaps

3

free-streamI&chnuniber;pitchingmomentoftwoflapsabout“
midchordofwing

liftingpressure

localstatic~ssure

free+tresmstaticpressure

-c ~ssure

wingarea (bc)

fkm-streamvelocity

—
.,

.
.“

()g

Cartesiahcoordinatesparallelandnormal,respectively,

.

. .

.

to

.

free-9treamdirection .

,s ~El

Y ratioofs~cificheatatbonstantPssure to specificheatat
ccmstantvolume(1.40.,forair)

5 angleofflapdeflection , ,
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e angle of surface withresmcttofreestregm,positivewhen
directionofflowistgwardsurface

v = $Y_—
x

P free-streauldensity

Subscripts:

~ial derivativeofcoefficientwithrespectto 5, taken

partialderivativeofcoefficientwithresmctto ~, taken
at 6=0

tm+dinlensional

umr surface.
lowersurface

aver- value

Allanglesareinradians,unlessotherwisesp3cified.
#

Amm!sIs

Thecontrol-surfaceconfigurationsinvestigatedareshowninfigure1.
Theonlylimitationsontheairfoilsectionarethattheflapmusthave
flatsides,thesectionmustbesymmetricalabotithechordline,andthe
le~dge anglemnstbesmallenoughsothattheshockwaveisattached.
Becausethepressuresovercertxdmpsrtsofthejnboardandoutboardflaps
areidentical,bothcasesaretreatedinthismmr.

Theangleofattackandthecontroldeflectimareassumedtobe
small,andthechordwisegapsbetweenthewingandtheflapareassumed
tobesealed.Theadditicmelassumptimismadethattheeffectsof
angleofattackandcontroldeflectionaremutuallytidepmdentandcan
besumrposed.Althoughthisassumptionisnotstrictlytrue,itisa
goodengineerhgapproximationforthesmallanglesconsidered.

Thecontrol+urRacecharacteristicstobefoundareasfollows:.

C& iiftcoefficietiduetoflapdeflection .

n
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%5 rolling+mmeticoefficientduetoflapdeflection

%6 - ~nt coefficientduetoflapdeflection

~ pitc~nt coefficient(aboutthemid.chord)duetoflap
lift

Theonlyinformationrequiredtofindthesecoefficientsisthe
measuredistributicmduetoflapdeflecticm,which,withinthelimit=

,tionsofthepresentanalysis,isindemndetioftheairfoilsectionso
longastheflapis-flatsided.Tofindthehhge+mmntcoefficient
duetoangleofattackwouldrequirea knowledgeof&e mssure
distribtiionduetoamgleofattack,whichwouldbea function~ofthe
airfoilsection.Evenfora particularairfoilsection,thispressure
distributioncsmotbefoundtothesamedegreeofapproximationasthe
pressuredistributionduetoflapdeflectionbyusingthe,assumptionsof
thepresentanalysis.Inordertopreservethegeneralityofthe
analysis,theequationaforthiscoefficient,therefore,havenotbeen
derived.

Pressuredistributims.-Theaforementionedcoefficientsareeasily
determinedifthepressuredistributionduetoflapdeflectionislumwn.
IntheregicmbetweentheI&oh“conesfromthecornersoftheflap,the
flowistwo4imensionaJ.. Then,accordingtotheBusemannthird+mder
approximateiontoisentropicflow,

P- P*—= c~e+ c2e2+ c3e3
~

Iftheanglesareconsideredpositiveforcompressionsadnegativefor
expansion,thenfrm f~gure1(c)

( 1)‘2=5-2

( 4)9U=-6+
2

n
Then,

.

,.

r)”
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%. – PO

Withinthelkch
tionshavebeen
ences4 end.7).

(25cl- Czg+ $ c3@
) + 2C383,

conesfrcmthecornersoftheflaps,thepressurevaria-
previtiydeterminedbyuseofthelineartheory(refem-
M thepresentsmalysistheshapesofthepressure

distributioninsidethetipMachconesareassumedtobeidentical.to

.

“

thosefoundbyuseofthelineartheory,buttheor~tes aremultiplied
bya constantfactorsuchthatthevalueofthepressureattheinner
limitoftheWch coneequalsthet~ nsionslpressurefoundbyuseof
thethird+rdera~oximation.Thepressuredistributionsoverboth
inboardandotifioardflapsareshowntifigure2,togetherwiththeequa-
tionaforthepressurevariation.

Derivationofcontrol-surfacecharacteristics.-Withthepressure
distributionsknuwn,expressionsforthecontrol-surfacecharacteristics
maybeobtainedbyfollx theprocedureofreference3. Forthesake
ofbrevity,thederivationofonlyme ofthesecharacteristics,c% for “
outboardflaps,isgiven.

Overthet~
.,

nsionalpartofa flapthe15ft~pressurecoeffi-
ciexrtisgivenby

.

( )C29+ ~ c3@2+ 2C3b3CP=2bc~–

wp (—.2(31- )3cj#+6c3tj2c29+~ 3&

At 5=0,

0

.
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Overthe~nsional m ofoneflap,

.

= ( )- c1 - C,g + $ C3V2

Overtheinboardcorneroftheflap,the
ficientisgivenby

(%%$)‘
averagelifttig-pressureccx3f-

7

.

,

Cp
[ r] 1

2V+
‘2

:V’mn-%+: l-l?
o

()Cpav=cp l.+
w

.

. ..”

Then,becausetheflowisconical,tti“centerofpres&e intl& region, .1,,
‘sat $-Cf- .-

.,
. .

. .

, . .
---

.

—---- ....— —- — _. L_..- — :-- .-- —.. —.. ----- — . — - -—-—. — -



8 NACA~ NO ● 1708

Overtheoutboardcornerof
tbstwod.imensiona3value.
conical,

Overtheentireflap,

the flap,theaveragemssure isme—half
.

Tlien,becausetheflowinthisregionisalso
a

.

( Bfcfe
f) (

)

~ cf3 2cf3
. =- c~- C29+ ~ C3 —-- —-—

2 3$ 31TfJ
*

= -&c&+$ c3,2)(’i#_L#cfg

Divi@ by b~f2/2 givesthecoefficient

Since

(c% = -cl )( _2Yr+2cf/c
)

-c#+$c3~ 1 ——3Y@ bfp

_—. — —--- ..—. -— —-. .. .,
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or,sinceCl =;,
.

( )( )

#
3C3 2 l_———

:#+@
2 Yc+2cf/cc% =-; l–—
3p.A Yc bf/b

9

DISOUSSIOIVANDCONCIJJIUNGREMl&RS

Thefinalequations,whichwerederivedina fashionsimilarto
thatofthemecedingexemple,areWesentedintablesI andII.
Ihcludedinthesetablesistherangeofapplicabilityforeachequa-
ticm;thelimitsweredeterminedbythemthoddescribedinapmndixC
ofreference4. Notethattheoriginalequationsfor ha havebeen
extendedtolncluilea widerrangeofratiosofflapsp towingspan.
Theseextensionswerederivedina reamersimilartothatusedinappendixD
ofreference4. Asanillustrationoftheapplicationoftheeqtitime,
control~urfacecharacteristicscalculatedfortwotiicularconfigura–
tionsareshowninfigure3. n

h errorhasbeenfoundrecentlyinthevslueof C3 asorimy
,

givenbyBusemann.(Seereferences8 end9.) Thevalueof C3 used
in thepresentpareristhatgiveninreferences8 and9. Valuesof Cl,

. C2, end C3 aregivenintableIII.

(Eachequationexceptthoseequationsfor
%)

containsthe

(

3 C3
:P+~~factor 1 – — f) , whichcanberegardedasa reduction

factorrepresentingtheeffectofthefbitethickness.Whenthetrailing-
edgeangle# iszero,thisfactorisunity,andtheequationsbecome
thosegivenbythelto.earizedtheory.When ~ isgreaterthan zero,the
factorislessthantity,whichshowsthattheeffectofthefinite
thiclmessistoreducetheabsolutemagnitudeofa12thecoefficients

( )
except~L . Curvesofthisreductionfactorplottedagainsttrailin&

“ edgeangleforvariousMachnunibersaregiven~ figure4. Thestop@ng
pointofthecurvefor M = 1.3 wasobtainedbycomparisonofthiscurve
withcalculationsfora double+edgeairfoilwithflapmadebytheexact

,, mthodofreference10,thecurvegiveninfigure4 beingsto~d whena
lo-pmcentdifferencebetweenthetwocurveswasreached.Fort% other
valuesofMachnunibernotedinfigure4,thecurvesgivenpx!mtically
coincidedwiththeexactcurvesfortheentireplottedrengeoftrailhg-
edgeangle.

—-— . .—— — ---- ---
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Thereconunendedrangeofapplication(alsooblxd.nedbycomwison
withcalculationsobtainedbyuseofthemethodofreference10)isgiven

7 infigure5. Thelineof.possibleflowseparationat ~ = 30° isquite
arbitraryandisintendedto serveasa uarn3ngagainstinjudicioususe
oftheequationsratherthanasa defWte boq. ,

wey AeromuticslLaboratory.
NationalAdvisoqCcmmitteeforAeronautics
. ~ey Field,Ta.,May13,1948 . - -
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TABLEIII

vXC. OF Cl, C2, AmD c~

M’ cl C2 C3

1.1 4.364 30.32 867.

1.2. 3.015 8.307 53.8

1.3 2.408 4.300 14.4

1.4 2.041 2.919 5.80

1.5 1.789 2.288 3.06

1.6 1.601. 1.950 1.97

2.0 1.155 1.467 .927

3.0 .7071. 1.269 1.13

4.0 .5164 1.232 1.51
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(a)Outboardflaps.

Tc
~1f

I

(b)Inboardflaps.

Sit/on ofbmal,

(c) Sectionthroughflap.

Figure1.-Control-surfaceconfigurationsinvestigated.
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Figure 2.- Pressure distributions duetoU defleotlon.
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Figure 3.- Variation of control-suzface characteristics withMach number for inboard ad outboard flaps. .
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Figure 5.- Recommended regionofapplicability.
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